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forming an integrated circuit including a first circuit and a 210
second circuit

forming a guard ring around the first circuit and between the | 220
first circuit and the second circuit

Fig. 5

forming an outer ring around the first circuit 222

forming an 1nner ring between the first circuit and the outer 224
circuit

forming two connectors to connect the outer ring and the mner
ring, and the outer ring, the inner ring, and the connectors 226
form a closed loop

Fig. 6
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SEMICONDUCTOR DEVICE AND
MANUFACTURING METHOD THEREOFK

BACKGROUND

Semiconductor devices are used 1n a variety of electronic
applications, such as personal computers, cell phones, digi-
tal cameras, and other electronic equipment, as examples.
The semiconductor industry continues to improve the nte-
gration density of various electronic components of 1nte-
grated circuits, 1.e., transistors, diodes, resistors, capacitors,
etc., by continual reductions 1n mimmimum feature size, which
allow more components to be mtegrated into a given area.
Although dramatic improvements 1in lithography have
resulted 1n considerable improvement 1n device formation,
there are physical limits to the density that can be achieved.
One of these limits 1s the minimum size needed to make
these components. Also, when more devices are put into one
chip, more complex designs are desired.

BRIEF DESCRIPTION OF THE DRAWINGS

Aspects of the present disclosure are best understood from
the following detailed description when read with the
accompanying figures. It 1s noted that, 1n accordance with
the standard practice 1n the industry, various features are not
drawn to scale. In fact, the dimensions of the wvarious
features may be arbitrarily increased or reduced for clarty of
discussion.

FIG. 1 1s a top view ol a semiconductor device in
accordance with some embodiments of the present disclo-
sure.

FIG. 2 1s a top view of a first circuit and a guard ring of
FIG. 1.

FIG. 3 1s a cross-sectional view taking along line 3-3 of
FIG. 2.

FIG. 4 1s a perspective view of the guard ring of FIG. 2.

FIG. 5 1s a flowchart for a method of forming a semicon-
ductor device 1n accordance with some embodiments of the
present disclosure.

FIG. 6 1s a flow chart of operation 220 of FIG. 5.

DETAILED DESCRIPTION

The {following disclosure provides many diflerent
embodiments, or examples, for implementing different fea-
tures of the provided subject matter. Specific examples of
components and arrangements are described below to sim-
plify the present disclosure. These are, of course, merely
examples and are not intended to be limiting. For example,
the formation of a first feature over or on a second feature
in the description that follows may include embodiments 1n
which the first and second features are formed i1n direct
contact, and may also mclude embodiments 1n which addi-
tional features may be formed between the first and second
teatures, such that the first and second features may not be
in direct contact. In addition, the present disclosure may
repeat reference numerals and/or letters 1n the various
examples. This repetition 1s for the purpose of simplicity and
clarity and does not in itself dictate a relationship between
the various embodiments and/or configurations discussed.

Further, spatially relative terms, such as “beneath,”
“below,” “lower,” “above,” “upper” and the like, may be
used herein for ease of description to describe one element
or feature’s relationship to another element(s) or feature(s)
as illustrated 1n the figures. The spatially relative terms are
intended to encompass different orientations of the device 1n
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2

use or operation 1n addition to the orientation depicted in the
figures. The apparatus may be otherwise oriented (rotated 90
degrees or at other orientations) and the spatially relative
descriptors used herein may likewise be interpreted accord-
ingly.

Unless otherwise defined, all terms (including technical
and scientific terms) used herein have the same meaning as
commonly understood by one of ordinary skill in the art to
which this disclosure belongs. It will be further understood
that terms, such as those defined 1n commonly used diction-
aries, should be interpreted as having a meaning that is
consistent with their meaning in the context of the relevant
art and the present disclosure, and will not be interpreted 1n
an 1dealized or overly formal sense unless expressly so
defined herein.

A semiconductor device and a method of manufacturing
the semiconductor device are provided in accordance with
vartous exemplary embodiments. The variations of the
embodiments are discussed. FIG. 1 1s a top view of a
semiconductor device in accordance with some embodi-
ments of the present disclosure, and FIG. 2 1s a top view of
a first circuit 111 and a guard ring 120 of FIG. 1. The
semiconductor device includes an integrated circuit 110 and
a guard ring 120. The integrated circuit 110 includes a first
circuit 111 and a second circuit 116 separated from the first
circuit 111. As used herein, “circuit” refers to one or more
circuits that function independently or 1n conjunction with
cach other. The guard ring 120 1s disposed around the first
circuit 111 and between the first circuit 111 and the second
circuit 116. In other words, the guard ring 120 separates the
first circuit 111 and the second circuit 116. The guard ring
120 includes an outer ring 122, an inner ring 124, and two
connectors 126 and 128. The outer nng 122 1s disposed
around the first circuit 111 and has a first gap G1. The 1inner
ring 124 1s disposed between the outer ring 122 and the first
circuit 111, 1s separated from the outer ring 122, and has a
second gap G2. The two connectors 126 and 128 connect the
outer ring 122 and the inner ring 124, such that the outer ring
122, the mnner ring 124, and the two connectors 126 and 128
form a closed loop. In other words, the two connectors 126
and 128 are separated from each other and respectively
connect the outer ring 122 and the inner ring 124 end-to-end
to form a continuously loop with the outer ring 122 and the
inner ring 124.

As the size of the mtegrated circuit 110 is reduced, the
distance between the first circuit 111 and the second circuit
116 1s decreased. That 1s, the first circuit 111 and the second
circuit 116 are disposed close to each other. This configu-
ration may increase the possibility of noise coupling
between the first circuit 111 and the second circuit 116,
causing crosstalks in the integrated circuit 110. However, 1n
FIG. 1, since the guard ring 120 1s disposed around the first
circuit 111 and between the first circuit 111 and the second
circuit 116, 1t can block the noise between the first circuit 111
and the second circuit 116, thereby preventing the first
circuit 111 from noise coupling with the second circuit 116.

Furthermore, the guard ring 120 formed 1n a closed loop
induces a reverse current for any current resulting from
noise to reduce mutual inductance. For example, in FIG. 2,
if a first current C1 1s induced on the outer ring 122 from
radio frequency noise or another source of noise, a second
current C2 1n the opposite direction (reverse current) 1s
induced 1n the inner ring 124. The reverse current 1s induced
because the outer ring 122 and the mner ring 124 form a
closed loop with the two connectors 126 and 128. The
mutual inductance from the opposite currents C1 and C2 1s
reduced or eliminated because of the opposite direction of
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induced magnetic fields from the currents C1 and C2.
Therefore, the intfluence of radio frequency noise or another
noise source 1s reduced or eliminated on the integrated
circuit 110, and the first circuit 111 and the second circuit
116 can have improved device performances.

In FIG. 2, the first gap G1 and the second gap G2 are
substantially aligned with each other. That 1s, the connector
126 forms a straight line and 1s substantially perpendicular
to the outer ring 122 and the inner ring 124. An angle formed
between the connector 126 and the outer ring 122 and an
angle formed between the connector 126 and the inner ring
124 are both substantially 90 degrees. Also, the connector
128 forms a straight line and 1s substantially perpendicular
to the outer ring 122 and the 1nner ring 124. An angle formed
between the connector 128 and the outer ring 122 and an
angle formed between the connector 128 and the 1nner ring
124 are both substantially 90 degrees. In some embodi-
ments, however, the connectors 126 and 128 are curved lines
such as arcs or any other shapes. In some other embodiments
where the gaps G1 and G2 are not aligned, the two connec-
tors 126 and 128 may have diflerent shapes or angles other
than straight lines connecting with the outer ring 122 and the
inner ring 124.

In FIG. 2, the outer ring 122 further has two first ends 132
and 133 facing the first gap G1, and the inner ring 124
turther has two second ends 134 and 135 facing the second
gap G2. The first end 132 1s near the second end 134 while
away from the second end 135, and the first end 133 is near
the second end 135 while away from the second end 134.
The connector 126 connects the first end 132 and the second
end 134, and the connector 128 connects the first end 133
and the second end 135.

Theretfore, a path P 1s formed between the two connectors
126 and 128. The path P extends from a region encircled by
the mner ring 124 (1.e., the first circuit 111) to a region
outside the outer ring 122 of the guard ring 120. Moreover,
the outer ring 122, the inner ring 124, and the two connectors
126 and 128 together form an enclosed region 130. In other
words, the enclosed region 130 1s encircled by the outer ring,
122, the inner ring 124, and the two connectors 126 and 128.
The connectors 126 and 128 are disposed between the
enclosed region 130 and the path P.

The outer ring 122 and the inner ring 124 have rectangular
shapes 1 FIGS. 1 and 2. In some embodiments, the outer
ring 122 and the mnner ring 124 have round corners. In some
other embodiments, the outer ring 122 and the 1nner ring 124
have other shapes, such as octagonal shapes. In some
embodiments, the outer ring 122 and the inner ring 124
having other shapes have round corners.

In some embodiments, one of the first circuit 111 and the
second circuit 116 1s an analog circuit, and another one of the
first circuit 111 and the second circuit 116 1s a digital circuait.
For example, the first circuit 111 1s an analog circuit, and the
second circuit 116 1s a digital circuit. Hence, the guard ring
120 can prevent the signal of the analog circuit from
penetrating to the digital circuit. In some embodiments, the
analog circuit includes combinations of a radio frequency
(RF) circuit, an analog baseband circuit, or another type of
analog circuit. In some embodiments, the digital circuit
includes combinations of a digital signal processing (DSP)
circuit, a baseband processing (BBP) circuit, or another type
of digital circuait.

In some embodiments, the first circuit 111 and the second
circuit 116 may include transistors, logic devices, memory
devices, or other types of circuitry. Although two circuits
(1.e., the first circuit 111 and the second circuit 116) are
shown 1n FIG. 1, in accordance with some embodiments,
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three or more circuits are formed on a single integrated
circuit, and the claimed scope of the present disclosure 1s not
limited 1n this respect.

The outer nng 122, the imner ring 124, and the two
connectors 126 and 128 include conductive material. In
some embodiments, the outer ring 122, the mner ring 124,
and the two connectors 126 and 128 include metal, e.g.,
aluminum (Al), copper (Cu), tin (Sn), nickel (IN1), gold (Au),
silver (Ag), or any other suitable material. In some embodi-
ments, the outer ring 122, the mner ring 124, and the two
connectors 126 and 128 include multiple layers having metal
layers and vias. In some embodiments, a single metal layer
can be used instead of multiple layers when the integrated
circuit 110 has a single metal layer instead of multiple
layers.

In greater detail, reference 1s made to FIGS. 3 and 4. FIG.
3 15 a cross-sectional view taking along line 3-3 of FIG. 2,
and FIG. 4 1s a perspective view of the guard ring 120 of
FIG. 2. The semiconductor device may further include a
substrate 140. While not shown 1n the top view (FIG. 2), the
integrated circuit 110 (see FIG. 1) may be formed at the
surface of the substrate 140. That 1s, the substrate 140 1s
disposed beneath the integrated circuit 110 and the guard
ring 120. The substrate 140 may be a semiconductor sub-
strate mncluding silicon (S1) or other semiconductor materials
and may be covered by an insulating layer, for example. The
substrate 140 may also include other active components or
circuits, not shown. The substrate 140 may include silicon
oxide over single-crystal silicon, for example. The substrate
140 may include semiconductor elements. Compound semi-
conductors, gallium arsenic (GaAs), indium phosphide
(InP), silicon/germanium (S1/Ge), or silicon carbon (S1C), as
examples, may be used 1n place of silicon. The substrate 140
may include a silicon-on-insulator (SOI) or a germanium-
on-nsulator (GOI) substrate, as examples.

In some embodiments, the first circuit 111 includes a
transistor 112. Alternatively, the first circuit 111 may include
other types of circuitry. The transistor 112 includes source
and drain regions 142 formed within the substrate 140 that
are defined at the edges by shallow trench isolation (STT)
regions 145, The transistor 112 includes a gate dielectric (not
shown) formed over the substrate 140 and between the
source and drain regions 142, and a gate 113 1s disposed over
the gate dielectric.

The semiconductor device further includes a plurality of
dielectric layers 150 disposed over the transistor 112 and
other active devices (not shown) of the first circuit 111. At
least one contact 1535 1s formed 1n the bottommost dielectric
layer 150a and on the transistor 112. The contact 155 makes
clectrical contact with the gate 113 of the transistor 112.
Other contact (not shown) may also be formed, such as
contacts for the source and drain regions 142 of the transistor
112.

Furthermore, the first circuit 111 further includes a plu-
rality of metal layers 114 and vias 114v embedded 1n the
dielectric layers 150. At least one of the metal layers 114
1s electrically connected to the contact 155 to provide
clectrical connections for the first circuit 111. The metal
layers 114m and the vias 114v are physically connected. In
some embodiments, a passivation layer 160 may cover the
outermost metal layer 114m”.

Moreover, the inner ring 124 1s also embedded 1n the
dielectric layers 150. In greater detail, the mner ring 124
may extend through the dielectric layers 150. As shown in
FIG. 3, the mnner ring 124 may further include a plurality of
metal layers 125m and a plurality of vias 1235v. The metal
layers 125m shown 1n FIG. 3 are plural, and the metal layers
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125m may be spaced from each other by one of the dielectric
layers 150. In other words, the metal layers 125m and the
dielectric layers 150 are alternately stacked. Furthermore,
the vias 125v are also plural and positioned between the
metal layers 125m. In other words, the vias 1235v are
disposed 1n the dielectric layers 150. For example, the metal
layer 125m' 1s separated from the substrate 140 by the
dielectric layer 150a. The via 125v' 1s positioned between
the metal layer 125m' and the substrate 140. The metal layers
125m and the vias 125v are physically connected. In some
embodiments, the passivation layer 160 may cover the
outermost metal layer 125m”.

Furthermore, the outer ring 122 1s also embedded 1n the
dielectric layers 150. In greater detail, the outer ring 122
may extend through the dielectric layers 150. As shown in
FIG. 3, the outer ring 122 may further include a plurality of
metal layers 123m and a plurality of vias 123v. The metal
layers 123m shown 1n FI1G. 3 are plural, and the metal layers
123 may be spaced from each other by one of the dielectric
layers 150. In other words, the metal layers 123 and the
dielectric layers 150 are alternately stacked. Furthermore,
the vias 123v are also plural and positioned between the
metal layers 125m. In other words, the vias 123v are
disposed 1n the dielectric layers 150. For example, the metal
layer 123m' 1s separated from the substrate 140 by the
dielectric layer 150a. The via 123+' 1s positioned between
the metal layer 123" and the substrate 140. The metal layers
123 and the vias 123v are physically connected. In some
embodiments, the passivation layer 160 may cover the
outermost metal layer 123m”.

Furthermore, as shown in FIGS. 2 and 4, the connectors
126 and 128 can have the similar configurations (a structure
formed of metal layers 127m, 129m and vias 127v, 129v
disposed on the substrate 140 of FIG. 3), and a description
in this regard will not be repeated hereinatter.

In FIG. 4, the metal layers 123m and 1235m are discon-
tinuous loops. That 1s, the metal layers 123m and 125m have
gaps. The gaps of the metal layers 123m form the first gap
G1 1 FIG. 2, and the gaps of the metal layers 1235m form the
second gap G2 in FIG. 2. The metal layers 123m, 125m,
127m, and 129m at the same level can be integrally formed,
so as to form a closed loop, as shown 1n FIG. 4, and the
claimed scope of the present disclosure 1s not limited 1n this
respect.

Reference 1s made to FIGS. 3 and 4. The metal layers
114m, 123m, 125m, 127m, 129m and the vias 114v, 123v,
125v, 127v, 129v may be made of aluminum (Al), copper
(Cu), tin (Sn), nickel (N1), gold (Au), silver (Ag), or com-
binations thereof. The dielectric constant of the dielectric
layers 150 may be between about 1 and about 4.2. For
example, the dielectric layers 150 may be made of tluori-
nated silicate glass, carbon doped oxide, fluorinate amor-
phous carbon, hydrogenated amorphous carbon, hydroge-
nated silsesquioxane, poly(arvlene ethers), cyclotene,
silicone oxide aerogel or silicone oxide xerogel. Alterna-
tively, the dielectric layers 150 may includes other materials
and dimensions. For example, the dielectric layers 150 may
include an extra low k (ELK) material having a dielectric
constant or k value of about 2.5 or less, as another example.
Some of these materials have a low structural strength, and
the guard ring 120 disposed proximate the perimeter of the
first circuit 111 can provide increased structural support and
robustness for the semiconductor device. The guard ring 120
also prevents or reduces the likelithood of delamination of
the dielectric layers 150, for example. Furthermore, the
dielectric layers 150 may be formed by spin coating or
chemical vapor deposition. It 1s noted that although there are
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three levels of the metal layers 114w, 123m, 125m, 127m,
and 129m 1n FIGS. 3 and 4, the claimed scope of the present
disclosure 1s not limited 1n this respect. A person having

ordinary skill in the art may select a suitable number of
levels for the metal layers 114m, 123m, 125m, 127m, and
129w according to actual situations.

Reference 1s made to FIG. 1. The semiconductor device
further includes at least one seal ring 170 disposed around
the integrated circuit 110. That 1s, the seal ring 170 disposed
around both the first circuit 111 and the second circuit 116.
The seal ring 170 can provide structural reinforcement, stop
undesirable moisture and mobile 1onic contaminants from
entering the integrated circuit 110 and aflecting operational
reliability, and also serve as a die saw crack stopper. In some
embodiments, the seal ring 170 1s a closed loop. In some
embodiments, the seal ring 170 has at least one gap disposed
theremn. The gap results 1n the break of a noise-coupling
path. In some other embodiments, there are more than one
seal rings separated from each other and disposed around the
integrated circuit 110. The cross-sectional view of the seal
ring may have the similar configurations to the cross-
sectional view of the guard ring 120, and the claimed scope
of the present disclosure 1s not limited in this respect.

FIG. 5 15 a flowchart for a method of forming a semicon-
ductor device 1n accordance with some embodiments of the
present disclosure. At operation 210, an integrated circuit
including a first circuit and a second circuit 1s formed. As
used herein, “circuit” refers to one or more circuits that
function independently or 1n conjunction with each other.
The first circuit and the second circuit are separated from
cach other. At operation 220, a guard ring 1s formed around
the first circuit and between the first circuit and the second
circuit. The integrated circuit and the guard ring can be
formed on a substrate. In some embodiments, the substrate
may be a semiconductor substrate including silicon or other
semiconductor materials and may be covered by an 1nsulat-
ing layer.

In some embodiments, one of the first circuit and the
second circuit 1s an analog circuit, and another one of the
first circuit and the second circuit 1s a digital circuit. For
example, the first circuit 1s an analog circuit, and the second
circuit 1s a digital circuit. Hence, the guard ring can prevent
the signal of the analog circuit from penetrating to the digital
circuit. In some embodiments, the analog circuit includes
combinations of a radio frequency (RF) circuit, an analog
baseband circuit, or another type of analog circuit. In some
embodiments, the digital circuit includes combinations of a
digital signal processing (DSP) circuit, a baseband process-
ing (BBP) circuit, or another type of digital circuit.

In some embodiments, the first circuit and the second
circuit may include transistors, logic devices, memory
devices, or other types of circuitry. Although two circuits
(1.e., the first circuit and the second circuit) are mentioned 1n
FIG. 5, 1n accordance with some embodiments, three or
more circuits are formed on a single integrated circuit, and
the claimed scope of the present disclosure 1s not limited in
this respect.

FIG. 6 1s a flow chart for the operation 220 of FIG. 5. At
operation 222, an outer ring 1s formed around the first
circuit. The outer ring has a first gap, such that the outer ring
surrounds the first circuit discontinuously. At operation 224,
an 1nner ring 1s formed between the first circuit and the outer
ring. The inner ring 1s separated from the outer ring. The
inner ring has a second gap, such that the inner ring
surrounds the integrated circuit discontinuously. At opera-
tion 226, two connectors are formed to connect the outer
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ring and the inner ring, such that the outer ring, the inner
ring, and the two connectors form a closed loop.

Even though the flowchart 1s shown with multiple steps in
an order, the steps can be implemented with diflerent orders
or simultaneously with each other. For example, a metal
layer can be deposited for the outer ring, the mner ring, and
the two connectors simultaneously. For another example, the
outer ring, the iner ring, and the two connectors are formed
simultaneously with the integrated circuit. Therefore, there
1s no extra mask 1s used, no extra process 1s added, such that
the manufacturing cost can be reduced.

In various embodiments, the outer ring, the inner ring, and
the two connectors include electrically conductive matenal
or metal such as aluminum (Al), copper (Cu), tin (Sn), nickel
(N1), gold (Au), silver (Ag), or combinations thereof. In
some embodiments, the outer ring, the mmner ring, and the
two connectors include multiple layers, e.g., metal layers
and vias. The metal layers and the vias can include any
suitable material and be formed or fabricated using any
suitable methods or processes known in the art. For
example, the metal layers include aluminum (Al), copper
(Cu), tin (Sn), nickel (N1), gold (Au), silver (Ag), or com-
binations thereof, and can be deposited using electroplating,
physical vapor deposition (PVD), sputtering, or any other
suitable process and defined by etching. The wvias may
include copper (Cu), Cu alloy, tungsten (W), gold (Au),
aluminum (Al), or any other suitable material 1n some
embodiments. The contacts can be formed by PVD, chemi-
cal vapor deposition (CVD), and chemical-mechanical pla-
narization (CMP), for example.

In some embodiments, at least one seal ring 1s formed
around the integrated circuit to provide structural reinforce-
ment, stop undesirable moisture and mobile 10n1c contami-
nants from entering the integrated circuit and aflfecting
operational reliability, and also serve as a die saw crack
stopper. The seal ring can be made of conductive matenals,
such as metal. The configuration of the seal ring can be
similar to the guard ring, and the claimed scope of the
present disclosure 1s not limited 1n this respect. In some
embodiments, the seal ring 1s formed simultaneously with
the integrated circuit and the guard ring.

According to the atorementioned embodiments, since the
guard ring 1s disposed around the first circuit and between
the first circuit and the second circuit, 1t can block the noise
between the first circuit and the second circuit, thereby
preventing the first circuit from noise coupling with the
second circuit. Furthermore, the guard ring formed 1n a
closed loop induces a reverse current for any current result-
ing from noise to reduce mutual inductance. The mutual
inductance from opposite currents formed 1n the outer ring
and the mner ring 1s reduced or eliminated because of the
opposite direction of induced magnetic fields from the
currents. Therefore, the influence of radio frequency noise or
another noise source 1s reduced or eliminated on the inte-
grated circuit.

According to some embodiments, a semiconductor device
includes an integrated circuit and a guard ring. The inte-
grated circuit includes a first circuit and a second circuit
separated from the first circuit. The guard ring 1s disposed
around the first circuit and between the first circuit and the
second circuit. The guard ring includes an outer ring, an
inner ring, and two connectors. The outer ring 1s disposed
around the first circuit and has a first gap. The inner ring 1s
disposed between the outer ring and the first circuit and has
a second gap. The two connectors connect the outer ring and
the mner ring. The outer ring, the mner ring, and the two
connectors form a closed loop.
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According to some embodiments, a semiconductor device
includes an integrated circuit and a guard ring. The inte-
grated circuit includes a first circuit and a second circuit. The
guard ring 1s disposed around the first circuit and separates
the first circuit and the second circuit. The guard ring
includes an outer ring, an nner ring, and two connectors.
The outer ring 1s disposed around the first circuit and has a
first gap. The mnner ring 1s disposed between the outer ring
and the first circuit, 1s separated from the outer ring, and has
a second gap. The two connectors are separated from each
other and respectively connect the outer ring and the 1nner
ring end-to-end to form a continuously loop with the outer
ring and the inner ring.

According to some embodiments, a method for manutac-
turing a semiconductor device includes forming an inte-
grated circuit including a first circuit and a second circuit
separated from the first circuit. A guard ring 1s formed
around the first circuit and between the first circuit and the
second circuit, including forming an outer ring around the
first circuit. An 1nner ring 1s formed between the first circuit
and the outer ring. Two connectors are formed to connect the
outer ring and the mner ring. The outer ring, the inner ring,
and the two connectors form a closed loop.

The foregoing outlines features of several embodiments
so that those skilled in the art may better understand the
aspects ol the present disclosure. Those skilled 1n the art
should appreciate that they may readily use the present
disclosure as a basis for designing or modilying other
processes and structures for carrying out the same purposes
and/or achieving the same advantages of the embodiments
introduced herein. Those skilled 1n the art should also realize
that such equivalent constructions do not depart from the
spirit and scope of the present disclosure, and that they may
make various changes, substitutions, and alterations herein
without departing from the spirit and scope of the present
disclosure.

What 1s claimed 1s:

1. A semiconductor device comprising:

an integrated circuit comprising a first circuit and a

second circuit separated from the first circuit, wherein

the first circuit comprises:

a first metal layer and a second metal layer over the first
metal layer;

a via mterconnecting the first metal layer and the
second metal layer; and

a guard ring above a substrate and disposed around the

first metal layer and the second metal layer of the first
circuit and between the first circuit and the second
circuit, wherein the guard ring comprises:
an outer ring disposed around the first circuit and
having a first gap;
an inner ring disposed between the outer ring and the
first circuit and having a second gap; and
two connectors connecting the outer ring and the 1nner
ring, wherein the outer ring, the inner ring, and the
two connectors form a closed loop, wherein:
the outer ring, the inner ring, and the two connectors
together form an enclosed region,
the enclosed region separates the first circuit and the
second circuit, and
at least one of the outer ring or the inner ring
COMPrises:
a third metal layer and a fourth metal layer over
the third metal layer; and
a plurality of vias spaced apart from each other, 1n
a same layer, and interconnecting the third
metal layer and the fourth metal layer; and
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a passivation layer i contact with a top surface of the
second metal layer and a top surface of the fourth metal
layer.

2. The semiconductor device of claim 1, wherein the first
gap and the second gap are substantially aligned with each
other.

3. The semiconductor device of claim 1, wherein:
the outer ring further has two first ends facing the first gap,
the mner ring further has two second ends facing the

second gap, and

one of the two connectors connects one of the two first
ends and one of the two second ends.

4. The semiconductor device of claim 1, wherein the two

connectors are separated from each other.

5. The semiconductor device of claim 1, wherein:

one of the first circuit and the second circuit 1s an analog,
circuit, and

another one of the first circuit and the second circuit 1s a
digital circuit.

6. The semiconductor device of claim 1, wherein the first
circuit 1s an analog circuit and the second circuit 1s a digital
circuit.

7. The semiconductor device of claim 1, wherein the third
metal layer and the fourth metal layer are discontinuous
loops.

8. The semiconductor device of claim 1, further compris-
ng:

at least one seal ring disposed around the integrated
circuit.

9. A semiconductor device comprising:

an 1ntegrated circuit comprising a first circuit and a
second circuit that are formed 1n a substrate, wherein a
first portion of the substrate defines a body portion of
a transistor of the first circuit; and

a guard ring disposed around the first circuit and sepa-
rating the first circuit and the second circuit, wherein
the entire guard ring 1s above the substrate and com-
Prises:
an outer ring disposed around the first circuit and

having a first gap;
an iner ring disposed between the outer ring and the
first circuit, separated from the outer ring, and having,
a second gap; and
two connectors separated from each other and respec-
tively connecting the outer ring and the inner ring
end-to-end to form a continuously loop with the
outer ring and the mnner ring, wherein:
the outer ring, the inner ring, and the two connectors
together form an enclosed region,
the enclosed region separates the first circuit and the
second circuit,
at least one of the outer ring, the inner ring, or at least
one of the two connectors are in contact with a
second portion of the substrate, and
the second portion of the substrate has a same
composition as the first portion of the substrate.

10. The semiconductor device of claim 9, wherein:

a path 1s formed between the two connectors, and

the path extends from the first circuit to a region outside
the guard ring.

11. The semiconductor device of claim 10, wherein the

two connectors are disposed between the enclosed region
and the path.
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12. The semiconductor device of claim 9, further com-
prising:

at least one seal ring surrounding the integrated circuit.

13. The semiconductor device of claim 9, wherein the
guard ring 1s made ol conductive materials.

14. The semiconductor device of claim 9, wherein:

the first circuit 1s an analog circuit, and

the second circuit 1s a digital circuit.

15. A semiconductor device comprising:

an 1ntegrated circuit comprising an analog circuit and a
digital circuit, wherein at least one of the analog circuit
or the digital circuit comprises:

a first metal layer and a second metal layer over the first
metal layer; and

a via mterconnecting the first metal layer and the
second metal layer;

a guard ring disposed around the analog circuit, at least a
portion of the guard ring present between the analog
circuit and the digital circuit, wherein the guard ring
COMprises:
an nner ring disposed around the analog circuit,

wherein the 1nner ring terminates at a first end and a
second end;
an outer ring disposed around the inner ring and spaced
from the inner ring, wherein the outer ring terminates
at a third end and a fourth end; and
two connectors spaced from each other, wherein:
one of the two connectors 1s connected to the first
end of the mnner ring and the third end of the outer
ring,
another one of the two connectors 1s connected to the
second end of the inner ring and the fourth end of
the outer ring,
the outer ring, the inner ring, and the two connectors
together form an enclosed region,
the enclosed region separates the analog circuit and
the digital circuit, and
at least one of the outer ring or the inner ring
COMPrises:
a third metal layer and a fourth metal layer over
the third metal layer; and
a plurality of vias spaced apart from each other, 1n
a same layer, and interconnecting the third
metal layer and the fourth metal layer; and
a passivation layer in contact with a top surface of the
second metal layer and a top surface of the fourth
metal layer.

16. The semiconductor device of claim 15, wherein the
guard ring comprises electrically conductive matenal.

17. The semiconductor device of claim 15, further com-
prising a seal ring surrounding the integrated circuit and the
guard ring.

18. The semiconductor device of claim 17, wherein the
outer ring of the guard ring 1s disposed between the seal ring
and the inner ring of the guard ring.

19. The semiconductor device of claim 8, wherein the
outer ring of the guard ring 1s disposed between the at least
one seal ring and the inner ring of the guard ring.

20. The semiconductor device of claim 9, wherein the
substrate 1s void of the guard ring.
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